This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

(J) BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLBCTOAL PROP BCTY ORGANIZATIDN 




PCX 

INTERNATIONAL APMJC AHON FUBIiSHED UNDER THE PATENT COOPERATION TREATY (PCI) 



^1) fntcnationil Patent Chs^Scalkm ^ i 
A61B 17/36 



Al 



(11) Internalwiud PoUieatloa Namlwr: WO 94/24949 

(43) Intematioiial PiiblScatioa Date: 10 NoVqsbcr 1994 (10.11^ 



Ql) Intemtioiial AppBcatton Nombcn FCrAJS94/04ti32 
(22) iBtarnttioiial FOfaig Date: 29 AfsO 19M (29J(Hi>4) 



(30) Prioritj Data: 
08/055^ 



30 Apnl 1993 (30.04^) 



US 



(71) AppBcantK MEDICAL SdENTinC; INC [US/US]; 125 John 
Haix»dc Road, TaimtDn, MA. 02780 (US). EnilOQN, INC 
[USAJS]; 4545 Ocek Road, Cindnmti, OH 45242>2839 
(US). 

(72) iBTCBton: NARDELLA, Paul C; 12 Qomesett Prnnt^ Wasa- 
ham, MA 02571 (US). YATES, David, Cadyfe; 7534 Gal- 
way CcNvt, West Chesttt; OH 45069 (US). 



(74) Agents: CiEARY, ^^Viffiam, C, IIL c« aU Lahiva & C>^^ 
60 State Sticet, Bosloa, MA 02109 (US). 



91) Dc^ignalcd States AU, CA, IP, Emopeaa paieat (AT. BE, 
CH, DB, DK, ES, FR, GB, GR, IB, IT, LU, MC NU FT. 

S^ 



Published 

Wldibaemational search report. 



(54) Tide: IMPEDANCE FEEDBACK ELBCrROSUR(jICAL SYSTEM 




(57)AbBlnct 



An inq)cdance feedback electro-sarpcal system (100) is usefol with ckctro-smpcal toob (102) to maintain a preselected cootral langa 
of tissue impedance within the tissue in contact wiA the tool (102). The system cco^irises an active electiode (108) assn ca atrd ^nAk an 
dectzo-surgical tool (102). a ictnm electrode (1 12). in die fonn of a remote gxound pod which is m contact with die patient, an impedance 
monitonng device (116) and a power control umt (120). EoCTgy safficicnt to afEect tissne is delivcied duougb d» active electiode (108) 
to tissue and to dte retnm electrode. The impedance rocasoring device (116) detcxmines die impedance of the tisane based on tlie voitega 
(fifferential between the active electrode (108) and ground pad (1 12). A signal repreaentative Of die measond i mp edance is ^ 
to the power control unit (120) which adjusts the energy qspBed to the tissue to mainmih a preselected impedance range. 
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IMPEDANCE FEEDBACK ELECTROSURGICAL SYSTEM 



. RrfergncgtoRdfttedAppIicatiQPS 

5 This is a continiialion-in-part of U.S. Patent Application Serial No. 055,827 filed on 

April 30, 1993, which is a continuation-in-part of U.S. Serial No. 786,574 filed on 
November 1, 1991 (now U.S. Patent No. 5,207,691), and of U.S. Patent Application Serial 
No, 019,334 filed on Fefaruazy 18, 1993, which is a continuation of Serial No. 786,572 filed 
on November 1, 1991. 

10 

Raclcpround of the Invention 

The present invention relates to electrosurgical tools which are adapted to deliver 
electrosurgical energy to tissue. 

15 

Surgical procedures often require incisions to be made in human tissue. Such 
{TOcedures typically require fiie application of force, to a surgical tool having one or more 
shaip, tissue-contacting edges, and usually create bleecUng iat the site of the incision. The 
ease with, which the tool makes the incision and the prompt control or elimination of the 
20 bleeding thereby created is of paramount importance to the success and safety of the 
procedure. 

Currently known surgical cutting devices utilize different techniques to make 
incisions and to control or eliminate bleeding. One known device is the Proxiniate Linear 

25 Cutto* available fiom the Ethicon, Inc. of Cincinnati, Ohio. This device is specifically 
adq)ted to make an incision in tissue or an organ such as the intestine. The device engages 
a portion of the tissue or organ between two tyne-like members. To effect cutting, a blade 
mounted on one of the tynes travels along a predetermined patii, thereby making a linear 
incision through the tissue or organ. Surgical staples are deployed by the cutting device on 

30 either side of the incision, resulting in the separation of the organ into two segments, each 
of which is sealed adjacent to the incision by surgical staples. Despite the use of surgical 
staples and the precise cutting of the tissue, bleedmg is not entirely elimfaiated and separate 
cauterization procedures must often be utilized to control or stop bleeding. 

35 Surgical devices also are known which utilize electrical current in the form of radio 

fiequency (RF) energy to incise and to cauterize tissue to control bleeding. U.S. Patent No. 
4,651,734 discloses a surgical scalpel modified to include an electrode. This scalpel has the 
ability to cut tissue and, v/hen properly positioned, to cauterize tissue following a cutting 
procedure. Such a surgical tool is usefiil but does not simultaneously cut and cauterize 
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tissue. The sqmrate cauterizodon procedure which must be udlized is xelalively time 
consuming and may result in unnecessary bleeding. Moreover, such a scalpel is not well 
siiited to many surgjcal procedures such as the transection the intestine. 

5 Ba:ause of this, the tool must be carefully controlled during surgery to ensure that 

the correct amount of RF energy is applied to the target tissue. For example, if a surgical 
tool delivers RF energy through a cutting edge to tissue at a magnitude sufficient to cut or 
cauterize tissue, tissue bums coidd result if flie cutting edge contacts the tissue for too long 
a period. SimUarly, if the cutting edge is moved too quickly through tissue, the optinial 

10 amount of energy may not be qjplied to .tfae tissue. Tims, if not used properly, currently 
known electrosurgical tools may not take full advantage of the bepiefits of electrosurgeiy. 

Accordingly, an object of this invention is to provide an electrosurgical system 
which enables electrosurgical tools to conveniently and safely incise and/or penetrate 

15 hiunan tissue with controlled and precise application of RF energy. It is another object of 
the invention to provide a surgical tool which has improved cutting capability and which 
decreases some of the risk associated with surgery by minimizing the amount of bleeding 
resulting fix)m incisions and tissue pehetratioiL Another object is to provide a surgical t<>ol 
vrfiich is adapted to sunultaneoiisly cut and cauterize tissue. It is also an object to provide 

20 bipolar and/or monopolar electrosurgical systems that provide visual, audible, or tactile 
feedback to a user concerning tissue condition. Other objects of the invention will be 
apparent upon reading the disclosure which follows. 

Summary of the Invention 

25 

The invention attains the aforementioned objects by providing a system which 
measures tissue unpedance as a feedback parameter from surgical tools that apply 
electrosurgical energy to tissue during surgery. The system is useful with a variety of 
electrosurgical devices including cutting tools and surgical clip applying devices. The 
30 system is particularly usefid to provide bipolar and/or monopolar electrosurgical tools with 
feedback capability (e.g., visual, audible or tactile) which relates, in part* to the impedance 
targeted within the tissue. 

In one aspect, an. impedance feedback electrosurgical system constructed in 
35 accordance with the invention includes an electrosurgical tool which is adapted to receive 
power from an electrosurgical power source and to deliver electrosurgical enargy to tissue 
through an active, energy delivering electrode in contact with the tissue. A return or second 
electrode is also attached to the tissue and is electrically insulated bom the active electrode. 
Electrosurgical energy is thus commimicated from the active, energy delivering electrode. 
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through the tissue, and to the ietum electrode 
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Preferably, an impedance monitoring device is in circuit wit^ 
electrodes to measure the impedance of the target tissue, which can be ascertained based 

5 upon the voltage and cun:ent of the applied energy. A power control module is also in 
circuit with the impedance monitoring device to regulate the electrosurgical ^ergy 
deUvered to the tissue through the active electrode by responding to a signal rep 
of tissue impedance dmved by the impedance monitor. The system is able to control the 
electrosurgical energy implied to the tissue by monitoring and controlling tissue iinpedance 

10 to within a preselected range. The operating range of the electrosurgical system is 
preferably between about 20 to 1000 Ohms. This range can even extend to an upper limit 
. of2000 ohms in some instances. The preselected control range of desired tissue impedance 
is a narrower range within this operating range. This preselected control range is selectable 
by a user of the system and will depend upon several factors, such as electrode size and 

15 character, the electrosurgical tool being used, and tissue type including percent body fat 

In other aspects, the impedance feedback electrosurgical system has control 
circuitry to enable one to select the control range within \i4uch an acceptable measured 
tissue impedance is maintained dxiring surgery. One or inore feedback or warning devices 
20 are preferably connected in circuit with the system to warn a user (e.g., by an audible 
alarm) that measured impedance is outside the preselected control range and to inform the 
user of the measured impedance. 

In yet another aspect, the impedance feedback electrosurgical system regulates the 
25 energy delivered to the tissue by varying the applied voltage and/or current of the 
electrosurgical power source. 

In still another aspect, the impedance feedback electrosurgical system controls the 
electrosurgical energy delivered through the delivery electrode to the tissue by an activation 
30 system. An operator can inhibit or transmit the electrosurgical energy delivered to the 
tissue by selectively operating the activation system, vdiich operates mudi like an electrical 
switch. 

The advantages of the electrosurgical system of the inv^tion are several. First and 
35 foremost, by maintaining a preselected control range of tissue impedance, electrosurgical 
energy is applied to the target tissue at desirable levels independent of the speed and 
operation of the tool as used by an operator or surgeon. Furthermore, when an 
electrosurgical tool is adapted to a system constructed in accordance with the invention, the 
system will inherentiy monitor the passage of tiie tools active electrode through different 
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tissue types and certain tissue bamersl For example, once the tool, penetrates the . 
abdominal >vall, the current density at the active electrode vdll increase in the area where 
the tissue contacts tible. electrode. As a result, the circuitry of the electrosurgicai system 
will lower the applied electrosurgicai energy to protect that tissue fix>m receiving excessive 
5 or unwanted RF energy. 

The electrosurgicai energy applied to an active electrode in accordance with the 
invention also improves Ae mechanical cutting ability of the tool, and more importafitly^ 
&cilitates the pauteiization and/or fusion of the tissue following the incision* The 

10 application of radio frequency energy, for example, to the tissue allows the sunultahepus 
cutting and cauterization of the tissue with an effective consistency independent of a user's 
technique. Moreover, the use of electrosurgicai energy to penetrate tissiie can elinuxm^ 
need for a conventional, sharpened cutting blade. A conductive electrode can deliver 
sufScient levels of electrosurgicai energy to tissue to eflFectively incise tissue. The 

IS electrosurgicai energy also enhances other electrosurgicai tools such as clip applying 
devices, ' 

A method for controlling the level of electrosurgicai energy applied to tissue by an ; 
electrosurgicai tool is also provided by the present invention. Thus, in. one aspect, a 

20 method is provided for determining at least one of several properties of the system, such as 
(i) the time-rate derivative of the signal representative of impedance, (ii) the tinie-average 
of the voltage, (iii) the time-average of the current, (iv) the time-average of impedance, (v) 
current which exceeds a predetermined threshold, and (vi) voltage which exceeds a 
predetermined threshold. These properties are processed, according to another aspect, to 

25 evaluate the electrosurgicai effects within the tissue so that a logical indicator, e.g., a light, 
soimd, or tactile source, can be activated to inform or warn the user of the evaluated effects. 

These and other aspects of the invention are evident in the desoiption which 
follows and in the accompanying drawings. 

30 

Brief Dgscription Qf thg Drawings 

FIGURE 1 schematically illustrates an impedance feedback electrosurgicai system 
constructed in accbrdance with the invention and in use with an energy supply source and 
35 an electrosurgicai tool. 
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FIGURE 2 jscbematically illustrates an electrical circuit v^ch can. be used to 
measure tissue impedance. 

FIGURE 2A shows a graph illustrating typical tissue impedance as a function of the 
5 duration of applied electrosurgical energy. 

FIGURE 3 schematically illustrates a surgical cutting tool employed in an 
impedance feedback electrosurgical system according to the invention, including a si^iply . 
source of electrosurgical energy. 

10 

FIGURE 4 is an eaqploded side view of the electrosurgical cutting tool illustrated in 
HGURES. 

FIGURE 5 is a sectional view of the electrosurgical tools of FIGURE 4 at lines A- 

15 A. 

FIGURE 6 is a sectional view of the electrosurgical tool of FIGURE 4 at lines B-B. 

FIGURE 7 is a sectional view of the electrosurgical tool of FIGUlRE 4 at lines B-B 
20 in an embodiment which does not include a surgical staple cartridge. 

FIGURE 8 is a schematic view of an electrosurgical clip application device 
employed in an impedance feedback electrosurgical system according to the invention. 

25 FIGtfRE 9 is a side, partially cut-arway view of the electrosurgical clip applicating 

device of FIGURE 8. 

FIGURE 10 is a schematic view showing a forward, clip deploying portion of a 
bipolar electrosurgical clip applicating device employed in an impedance feedback 
30 electrosurgical system according to the invention. 

FIGURES 11 A through 11 C schematically illustrate the sequence in which a 
surgical clip is qyplied using the tool of FIGURE 8. 



35 FIGURE 12 shows the electrosurgical system of FIGURE 1 with further features 

according to the invention. 
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FIGURE 12A illustrates a signal conditioning circuit constructed according to the 
invention and preferably for use with the electrosurgical system of FIGURE 12. 

Detailed Description of the Invention 

FIGURE 1 illustrates an impedance feedback electrosurgical system 100 
constructed according to the invention. The system 100 includes an electrosurgical tool 102 
connected in drcuit. to a power control module 104» shown illustratively with an .RF 
generator 106 and source impedance 107. The tool 102 has an active electrode 108 which 

10 operates as a cutting edge and delivers electrosurgical energy to the tissue 109. The active 
electrode 1 08 is connected to one tenninal of the RF generator 1 06 throu^ a power supply 
line 1 10. A return electrode 1 12, here shown as a ground pad, is connected to the tissue 109 
and to another tenninal of the electrosurgical supply 106 via a feedback line 114. An 
impedance monitor 1 16 - preferably having a voltage monitor 117, a current monitor 118, 

15 and a programmable CPU 119 - conneicts in circuit with the electrodes 108 and 112 to 
determine tissue impedance and to generate a signal "z" representative of tissue impedance, 
vMch is conveyed to the power control module 104 through a signal line 120. The power 
control module 104 regulates the electrosurgical energy generated fix)m the RF generator 
106 such that the impedance signal V remains within a preselected range : 

20 

The system preferably includes an activation switch 122 which is operable by a user 
to selectively generate and control the flow of energy to the active electrode 108 arid 
through the tissue 109. 

25 In operation, force is applied to the tool 102, typically by way of a handle 123, to 

cause the active electrode 108 to contact the tissue 109 to make incisions and/or to effect 
cauterization. Electrosurgical energy applied through the tool 102 heats the cells in contact 
with the active electrode 108 to provide a clean incision. In the course of cutting,^ the 
electrosurgical energy applied through the tool 102 also cauterizes tissue to minimize or 

30 eliminate any associated bleeding, ^thout the delivery of electrosurgical energy, e.g., RF 
energy, through active electrode 108, the surgical incision would be less effective as it 
would rely solely iq)on the mechamcal sharpness of the cutting bl^ 

The effectiveness of the cutting and/or cauterization within the tissue 109 is 
35 dependent, in part, upon the energy density at the active electrode 108. The effects of 
electrosurgical energy increase with increased energy density, which is defined as the 
amount of energy per unit area at the associated electrode. Because the active electrode 108 
has a relatively small area as compared to the return electrode 112, its energy density is 
relatively high, and thus its cauterization or cutting ability is also high. The return electrode 
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112» on the ofher hand, has very low energy density at operational currents and thus does 
not signijEcantly affect the tissue 109. 

Regardless of the energy density at either of the electrodes 108 and 1 12; the current 
5 flowing through the tissue and electrodes 108 and 112 is essentially equal. Where a voltage 
source electrosurgical generator is used, the current is indirectly proportional to impedance. 

As noted, tissue impedance is maintained within a preselected control range. Upon 
delivery of electrosurgical energy to tissue 109 through the active electrode 108, the current 

10 and voltage are measured by the current monitor 118 and voltage monitor 1 17, respectively. 
These values are used by the CPU 119 to determine impedance, which is the voltage 
divided by the current More particularly, voltage is measured by the voltage monitor 1 17 
as a potential difference between the active electrode 108 and return electrode 112; and the 
current is measured directly through the tissue 109 by the current monitor 118. A signal 

15 representative of voltage is transmitted to the CPU 119 via signal line 124. Likewise, a 
signal representative of cunrent is transmitted to the CPU via the signal line 126. Once 
voltage and current are known at the CPU 1 19, impedance is determmable within tiie tissue 
109 and tfie signal "z" is transmitted to the power control module 104. If necessary, the 
power control module 104 adjusts its output power to maintam ''z" within a preselected 

20 range. 

The output energy of the power module 104 is adjusted automatically and as 
necessary during operation of the tool 102 to maintain tissue impedance within a 
preselected control range. For example, vAien the tool 102 first contacts the tissue, very 

25 little area of the electrode 108 is in contact with the tissue, and thus the current through the 
tissue 109 is low. As more tissue comes into contact with the active electrode 108, the 
current through the tissue 109 increases. During this transition, the impedance monitor 116 
measures the impedance and conveys a signal '*z" representative of the measured 
impedance to the control module 104, vfinch in turn makes any necessary increase or 

30 decrease in the electrosurgical energy conveyed to the active electrode 108 to maintain 
tissue impedance within a desired range. Preferably, this electrosurgical energy is iii the 
radio firequency range, and the operating range for monopolar operatioil is between about 
, 20 and 2000 Ohms, and typically a smaller range (e.g., up to about 500 ohms) for bipolar 
electrosurgical opa:at]on. 

35 

Those skilled in the art should recognize that other devices rnay replace the CPU 
119 of FIGURE 1. For example, discrete logic, prograimnable EPLDs, look-up tables, 
EPROMs, and analog processing means may be substituted for the CPU 119 to provide 
substantially similar operation. 
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FIGURE 2 illustrates baisic ciicxiitry for measuring tissue impedance according to 
the invention and in a manner that is similar to the operation of the impedance monitor 116 
of FIGURE 1 . In particular, FIGUiRE 2 shows a circuit 140 which can be used to determme 
5 impedance. The circuit 140 is illustrative and can be altered in any number of ways to 
function equivalently. Circuit .140 includes an RF generator 106 in cuxniit with voltage 
sensor 142, cioient sensor 144, and electrodes 146 and 148. The voltage and current 
sensors 142 and 144 are representative of the voltage and current.monitors 117 and 118, 
respectively, of FIGURE 1. One of ordinary skill in the art will readily understsmd that 

10 sensors 142 and .144 can be configured^ for example, as (i) transformers or (ii) amplifieis 
with sensing elements, e.g., resistors* Likewise, the electrodes 146 and 148 are 
representative of the FIGURE 1 active and return electrodes 108 and 1 12, respectively. The 
voltage sensor 142 measures the voltage di£ferential between locations ISO and 152, and 
the current sensor 144 measures the RF generator current i. FIGURE 2 also shows three 

15 representative currcfnts, i, ii,.and i2> \^ere the current i is the current at a location 
immediately after the generator 106, and the cunents ii and 12 are currents at the respective. . 
localities afiier the split at locatibn ISO. 

The resistance associated with the voltage sensor 142 is relatively high; i.e., less. 
20 than about 10% of the current for the entire circuit 140, as compared to the rest of the 
circuit 140 and thus the current i is approximately equal to the current i|, which can be 
measured. 

Therefore, provided there is ample wire size, e.g., 22 gauge or larger stranded wire, 
25 the voltage differential between localities ISO and 1 52 is the same as tfie voltage across the 
electrodes 146 and 148. Since the current i is known by measuring the current i], the ; 
resistance between the electrodes 146 and 148 is also determinable. This resistance would 
be representative of the tissue impedance as described with respect to FIGURE 1. The 
impedance monitor 116 of FIGURE 1 divides the measured voltage by the measured 
30 current to determine tissue impedance. A tissue impedance signal **z" is then generated and 
transmitted to the power control module of FIGURE 1 (not shown in FIGURE 2) to 
regulate the apphed electrosurgical energy, thereby changing the voltage measured at the 
voltage sensor 142 and the current measured by the current sensor 144. In this fiishipn, the 
measured tissue impedance cari be monitored and controlled U) wHhin a preselected r^^ 

35 

The measurement of tissue impedance, e.g., corresponding to the resistance 
measurable in the circuit 140 of FIGURE 2, is readily understood by one of ordinary skill 
in the art. When the current through the tissue decreases for a given applied voltage, the 
tissue impedance increases and is readily measured by the impedance monitor 1 16, shown 
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in FIGURE 1. Tissue cells are most effectively heated and cauterized by RF energy when 
the impedance is kept to withia a preferred electrosurgical range, such as a tissue 
. impedance range within the system's operating range of about 20 to 2000 Ohms. By 
increasing or decreasing the amount of electrosurgical energy applied to the tissue through 
5 the active electrode, tissue impedance is maintained within a preselected control range and 
. . the active electrode incises , and cauterizes tissue most effectively with less chance of 
burning tissue. The tissue impedance is a &ctor of the sur&ce area of the electrodes and 
distance between electrodes as well as the conductivity of the tissue and the changes in the 
tissue caused by heating the tissue cells. 

10 

The preselected control range of tissue impedance is understood to vary depending 
upon a nutnber of factors, including the type of tissue subject to electrosurgery, the size of 
the electrodes, and the design and type of the electrosurgical tool being used. This 
preselected control range is generaUy at a portion of an impedance versus time curve 

15 shortly after impedance begins to rise rapidly, as described below with respect to FIGURE 
2A. Absolute impedance values of the preselected control range will vary based oh the 
factors noted above, but this preferred range generally corresponds to the pouxt just before 
or just after applied electrosurgical energy causes individual tissue cells to burst One of 
ordinary skill in the art will appreciate that the preselected control range of tissue 

20 impedance can be predetermined and programmed by the operator of the system, or it can 
be pre-programmed in a CPU, such as CPU 1 19 of FIGURE 1 , based upon the tissue ^e 
undergoing electrosurgeiy and characteristics of the electrosurgical tool. 

FIGURE 2A shows a graph 160 ^^ch includes, typical data correlating tissue 
25 coagulation to impedance and duration of applied electrosurgical energy. The vertical axils 
162 represents impedance "z", vAiHe the horizontal axis 164 represents time "t**, .i.e., the 
duration of contact between the active electrode and the target tissue. 

The following description of FIGURE 2 A refers to temperature values, within tissue 
30 or tissue cells that are typically encountered at different points on the graph shown in 
FIGURE 2A^ It is understood ^t these temperature values are difficult to ascertain and 
they shoidd be regarded as estimates. These estimated temperature values may be higher or 
lower than actual temperature values. 

35 Position 166 represents the initial contact and current flow from the electrosurgical 

tool through the tissue to the graiid pad. By way of example, this initial contact can be 
represented by the contact of the tool 102 and the ground pad 1 12 with the tissue 109 as in 
FIGURE 1. Position 166 thus has a representative tissue impedance Z], and a tissue 
temperature of approximately 37°C. 
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The region of position 168 represents a later time, t], and a lower impedance z^. 
Accordingly, position 168 illustrates that the impedance drops after applying 
electrosurgical energy to the tissue for a period of time tj* The temperature of the tissue at 
S position 1 68 is typically between proximately forty five and sevens degrees centigrade. 

.. . As time increases beyond position 168, .tissue temperature and impedance remain 
relatively constant but thereafter begm to rise rapidlyl The portion of tiife curve during 
which temperature and impedance begin to rise is shown generally by ireference numeral 
10 170. 

Position 172 represents a location withm the preferred preselected control range of 
tissue impedance. The tissue at position 172 is believed to be approximately seventy 
degrees centigrade, and has a tissue impedance that is within the system's operating range 

IS of 20^2000 ohms. Thus, the electrosurgical system of the invention, such as the system 100 
shown in FIGURE 1, can operate to maintain tissue impedance at, slightiy . above, or 
slightly below the level corresponding to position 172 of FIGURE 2A» It is believed that 
the desiml range of tissue impedance, which ^ould be ^i»6ximately the . preselected 
control range of tissue impedance, can be either just before or just, after the point at vMch 

20 heating of the .tissue causes individual tissue cells to burst . 

At impedance values approximately corresponding to position 1 74, the intracellular 
fluid is vaporized. This condition is undesirable and the tissue impedance at this level is 
outside the typical preselected control range of tissue impedance. At even greater. 
25 impedance values, such as shown by position 176, the tissue temperature is approximately 
100**C and the tissue is essentially desiccated. When the tissue temperature reaches 
approximately 200**C, as illustrated by position 178, carbonization or tissue-charring 
occurs. The impedance value of charred tissue is quite high and is also beyond the 
preselected control range. 

30 

Thus, in the course of developing die preferred operating realin to most effectively 
cut and/or coagulate tissue, such as at position 172, the tissue unpedsmce first decreases 
after the initial contact position 166. Thereafter, more energy is required to of&et tiie 
increased impedance and to reach position 172. Energy can be regulated upwardly and 
. 35 downwardly, as necessary, to maintain the impedance within the preselected control range . 
of tissue impedance, at impedance values represented by those corresponding to position 
172 or impedance values slightiy above or below position 172. 
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It is understood that the graph 160 of FIGURE 2A is representative and is used by 
way of example only. Minor variations in the shape of the curve may occur depending 
upon several factors. Factors vwWch may influence the sh£^ and magnitude bf the data 
. include: the size of the electrodes as well as the distance separating the electrodes; the type 
5 of tissue and in particular tiie influjence of heating dr the cellular matter; the design of and 
. materials ^?^ch form the tool; and the motion of the tool within the tissue. In addition, the 
. respondvity of the tool to generator dianicteristics and electrosurgicd 

also influence the overall shq>e of the curve and the 'magnitude of impedance values. 
Therejfore, tiie invention can.and may operate around a preselected control range of tissue 
10 impedance tiiat tissue is somewhat above or below position 172, or which includes position 
172. 

FIGURES 3 through 7 illustrate an embodiment of the invention in which an 
electrosurgical cutting tool 10 is used with the impedance feedback system of the invention. 

15 Cutting tool 10 is a linear cutting tool comprising a housing 12 including a handle portioii 
14. Adjacent handle portion 14 is cutting template element 16 which ihdudes a first tyne 
18 and a second tyne 20. The two tynes 18, 20 of cutting template element 16 are 
substantially parallel and define a tissue engioging space 22 into vMch is inserted the tissue 
or organ to be incised. In a preferred embodiment, the surgical tool 10 includes a lever 24 

20 which facilitates the movement of an active electrode, ^ch may take the form of a cutting 
blade 34, along a predetermined path. 

FIGURE 3 fiirther illustrates an electrosurgical generator 26 which serves as an 
energy source fit)ih vMch electrical current, preferably iii the radio firequency range, is 

25 communicated to the cutting tool 10 through insulated wire 28 and cormector 63. TnculatPtfi 
return wire 30 communicates to a ground pad (not shown), such as the retum electrode 1 12 
of FIGURE 1. A power switch 32, preferably in the form of a foot petal, may be used to 
break or close the generator 26 circuitry and thus inhibit or transmit the power supplied to 
the cutting tool 10. Alternatively, a power switch may be disposed on a portion of the 

30 cutting tool such as the housing 12. . 

The circuit representmg the power generator 26, the active electrode (e.g., blade 34 
/with edge 36), wire 28-and delivery wire 61, retum wire 30, power control module 26a, and 
impedance monitor 26b iis electrically isolated to control the ^plication of surgical energy 
35 by the tool 1 0. The control module 26a can regulate the electrosurgical energy delivered to 
the cutting blade 34, according to the measured tissue impedance determined by the 
impedance monitor 26b. As noted, the impedance monitor generates a signal representative 
of tissue impedance by quantifying the current through, and voltage differential between, 
the blade 34 and ground pad (not shown). Current from th^ source 26 travels through wire 
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28 and connector 63 and tbrough wire 61, which is electrically attached to the blade 34 by 
way of connector 51. Qirrent then travels through the tissue and to the ground pad (not 
shown) for return to the impedance monitor 26b by way of return wire 30. The tissue 
impedance signal is commimicated to the control module 26a which in turn adjusts the 
5 apiplied electrosurgical energy to maintain a ineasured tissue impedance within a 
preselected range. Accoidingly, electrosurgical power adjustments are made automatically 
to maintain a sidn or tissue impedance to within a safe and operable range^ e.g.y at 
approximately the position 172 of FIGURE 2A. 

10 In particular, for radio fiequency energy delivered by monopolar generators, the 

preferred operating range of the system is between 20 and 2000 Ohms. When operating 
within the preselected control range, which is within the 20 to 2000 Ohm range,, tissue 
incisions occur with effective ceil heating, and further the tissue is cauterized, without 
burning, to. prevent or minimize bleeding and to promote healing. 

• 15 

Although the control module 26a and impedance monitor 26b are shown cormected 
to the power generator 26, it shotdd be q>parent that their ^)ecific locatibii is irrelevant as 
long as they permit fhe simultaneous control and measurement of tissue impedance during 
the operation of the tool 10. They can thus be easily located on the tool 10. 

'20 

Blade 34 of tool 10 preferably is retractable when not in use, and moved forward 
along a cutting path to effect cutting of tissue. 

The energy requirements of the electrosurgical tool of the present invention are 
25 " dynamic and depend to a great extent iq>on the impedance values of the tissue encountered 
by the active electrode, e.g., blade 34, during cutting procedures. The impedance of tissue 
varies among tissue types and the amount of blood present in or around the tissue. The 
amoimt of current delivered by the tool to the tissue is a function of the impedance of the 
tissue. Generally, the amount of current delivered to tissue ranges between about 0.5 and 
30 2.0 amps. The voltage applied to the tissue between the blade and the return electrode, e.g., 
ground pad, typically is between about 50 to 100 volts rms. These values are typical and 
are varied autoniatically to maintain a nearly constant impedance in the tissue during 
operation of the tool 10. 

35 . Surgical tool ! 0 is particularly well adapted for use in surgical procedures which . 

require transection of an organ such as the intestine. In operation, the tissue (e.g., intestine) 
is placed within space 22 defined by tynes 18 and 20. The blade is moved forward along 
the longitudinal axis x of tynes 18 and 20 by movement of lever 24. As the blade moves 
forward, it passes through the tissue causing it to be severed. Simultaneoiisly, electrical 
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energy, e.g., radio frequency energy, which may be activated for example by foot switch 
32, is delivered to the tool and in particular to the blade 34. The electrosurgical current is 
communicated from the blade 34 to the tissue adjacent the blade and in the vicinity of the 
incision. Current shoiild be delivered through the blade to the tissue during the entire 
5 cutting procedure. A ground pad attached to tiie tissue communicates the energy back to . 
the monitors 26a and 26b. \ 

The application of electrical energy in this manner is advantageous Electrosiugical 
energy is delivered through the blade to adjacent tissue to allow for more effective cutting 
10 . action, and to promote cauterization and/or tissue fiision vMch effectively eliminates all or 
substantially all bleeding which results from the incision. The cauterization and/or fiision . 
effect imparted to tissue minimizes blood loss and increases the safety of the surgical 
procedure as cauterization occurs at substantially the same time that the incision is made. 

15 In a preferred embodiment of the invention, the electrosurgical tool 10 also includes 

a st^le cartridge 38 which houses a supply of surgical staples to be supplied adjacent the 
incision. The staples may be deployed on one or both sides of the incision to assist in 
closing the incision and sealing the severed end of the organ. The staples are deployed 
nearly simultaneously with the cutting action of the blade and the tissue fiision effect 

20 imparted by the electrical energy. 

One skilled in the art will appreciated that a variety of materials are well suited for 
'the manufacture of the electrosurgical tool 10 shown in FIGURES 2-6. For example, 
housing 12 and cartridge 38 may be made from or coated with various non-conducting 
25 polymers. The conductive components of the tool may be made of various metals, 
including surgical grade stamless steel and aluminum. 

Tool 10 is fiirther described in copending U.S. patent application serial number 
019,334, filed February 18, 1993, which is a continuation of serial number 786,572, filed 
30 November 1, 1991, both of which are hereby incorporated by reference. 

FIGURES 8 flirough 10 illustrate oth^ electrosurgical tools that may be usisd vrith 
the impedance feedback system of tiie invention. FIGURES 8 and 9 illustrate an 
electrosurgical clip applicating device 210 conq)rising a handle, portion 212 having a trigger 
35 mechanism 214. Adjacent the handle is an elongate member 216 which houses a supply of 
surgical clips (not shown) as well as an actuating mechanism, described below, vi^ch- 
assists in deploying the clips. The handle 212 also includes an electrical coimector port 21 8 
and insulated wire 220, which fimction to communicate electrosurgical energy to the tool 
210 from generator 226. 
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An actuating mechanism adaptable for use with tool 210 is illustrated in FIGURE 9. . 
The actuating mechanism preferably includes an actuating rod 221 which commimicates 
with the trigger mechanism 214 through a catch 219 which mounts within groove 217 of 
5 trigger 214. Actuating rod 221 also communicates with paired clamping jaws 222a, 222b, 
which extend fiom a distal end of barrel 216. The clamping jaws 222a, 222b are adapted to 
engage and deploy a surgical clip 224. Surgical clips can be deployed by activation of the 
trigger medbanism 214, causmg actuating rod. 221 to move backwards (toward the handle 
212) vAUe closing clamping jaws 222a, 222b together. When the clamping jaws 222^ 
. 10 222b are closed, the surgical clip 224 disposed between the jaws is clamped about a duct or 
vessel. Once a clip is deployed, a new clip may be positioned between clamping jaws 
222a, 222b either automatically or manually. 

An impedance and power control subsystem 227 functions like the combination of 
15 impedance monitor 116 and power control module 118 described in FIGURE 1. 
Accordingly, subsystem 227 measures the tissue impedance and regulates the power 
applied to the tool 2 1 6 via the active wire 220 and return wire 220a, \Adch connects to the 
return electrode (not shown) attached to the tissue, e.g., a ground pad. 

20 Although the subsystem 227 is illustiated as located with the generator 226, it is 

understood that its components and functions can easily be implemented at other locations, 
most readily with the tool 210. 

Electrosurgical generator 226, shown in FIGURE 8, communicates with clipping 
25 device 210 through conductive wiring 220 which connects to the clipping device through 
dupl» port 218. As shown in FIGURE 9, port 218 communicates with internally 
conductive wiring 225 which extends into the clipping device 210. Wire 225 is attached to 
a conductive portion of the activating mechanism which is in electrical coxmnunication 
with surgical clip 224 to be deployed, thereby functioning as the active electrode. The 
30 embodiment illustrated in FIGURE 9 is configured such that the active wire 225 terminates 
in a cormection point 228, which is in electrical communication with the surgical clip 224. 

Preferably, die jaws 222a and 222b are non-conductive, as is the barrel 216. In this 
way, electrosuigical energy is efBcieutly delivered to tissue and received by the return 
35 electrode, such as a ground pad (not shown), through connection with wire 220a, which 
connects to the negative pole of the power generator 226. With this arrangement, the wires 
225, 220 and 220a form an isolated circuit with the generator 226, the impedance and 
power control subsystem 227, the return electrode attached to the tissue, the active 
electrode 224, and the tissue when the tool 210 is in operation. 
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In an alternative embodiment (not illustrated), the active wire 225 may attach to 
actuating rod 221 which is made fix)m a conductive material and which is in electrical 
communication with clamping jaws 222a, 222b. The portions of the clipping device 210 
5 which are in electrical communication with active wire 225 (e.g., actuating rod 221 and/or 
clamping jaws 222a, 222b) preferably are electrically isolated firom the riemiainder of the 
tool. The return wire of this configuration is then connected to a separate retum electrode 
(not shown) arranged in contact with the tissue during operation of the tool 210 and 
communicates with the negative pole of the generator 226. Upon activating the delivery of 
10 current to tool 210, for example by activating switch 230, current will be delivered throiigh 
the wire 225 and communicated to the active electrode, i.e., the surgical clip 224, through *, 
actuating rod 221 and/or clamping jaws 222a, 222b. The return electrode receives the 
electrosurgical energy transmitted through the tissue fit)m the active electrode and 
electrically connects widi the impedance and control subsystem 227 via retum wire 220a; 
■- -IS- ■ ■ 

FIGURE 10 illustrates an alternative clip applying tool which can be used with the 
present invention. Reference numeral 215 represents a forward portion of the barrel 216 
which is adapted to receive dual pairs of clamping jaws 240a, 240b and 242a, 242b: The 
clamping jaws 240a, 240b and 242a, 242b each communicate with their respective 
20 actuating mechanisms (not shown). Surgical clips 244 and 246 are shown positioned 
within jaws 240a, 240b and 242a, 242b. 

Insulated wire 248 functions like the active wire 220 shown in FIGURE 8 and 
communicates electrosurgical energy fiom generator 226 to clamping jaws 242a, 242b (or, 

25 alteroatively, to the actuating mechanism associated with clamping jaws 242a, 242b) and 
jaws 240a, 240b (or, alternatively, to the actuating mechanism associated with jaws 240a, 
240b). Upon activation of a trigger mechanism, jaws 240a, 240b and 242a, 242b close 
together to deploy clips 244 and 246. At the same time a control switch is activated to 
deliver electrical current to the jaws 240a, 240b, 242a and 242b (or actuating mechanisms 

30 associated with these jaws), and hence to clip 244 and 246, which function together as the 
active electrode. When the clip 244 and 246 coiitact tissue, current is conveyed to the 
tissue causing the tissue and clips to be fused together. The electrosurgical energy also 
. promotes tissue-to-tissue fiisiorL The applied current is returned to generator 226 fiom the 
ground pad (not shown) and wue 252. 

35 

A generator, impedance monitor and power control module are collectively shown 
in FIGURE 10 as module 226 and operate in a manner described above to supply 
electrosurgical energy to the clipping device 210. Virtually any generator able to provide 
electrosurgical energy for medical applications may be used with the present invention. 



W694y24949 PCr/lJSM/04O2 

-16- 

Preferably, the generator is a voltage determinative, low source impedance generator which 
provides radio frequency energy. Preferably, a suitable generator can supply up to two 
: amps of current and has a source impedance value of less than 10 ohms. Further details 
regarding the energy requirements of tool 210 are discussed above with respect to cutting 
5 tool 10 above. \ 

FIGURES 11 A, IIB and IIC illustrate the manner in which surgical clips of 
FIGURES 8-10 are deployed. A vessel 232 to be ligated is disposed between clamping 
jaws 222a, 222b and surgical clip 224^ Upon activating the triggering mechaiusm, the 

10 clamping jaws move together as shown in Figure 1 IB, causing surgical clip 224 to close 
jspon vessel 232. When the triggering action is completed the clip 224 remains adhered to 
the vessel 232 as illustrated in FIGURE 1 IC. While the clip is applied over the veissel, 
electrosurgical energy is delivered through the clip 224, which functions as the active 
electrode. Current is maintained for a suitable period of time, usually 5 to IS seconds, to 

15 enable tissue-to-clip and tissue-to-tissue fusion to occur. A return electrode, e.g., a ground 
pad (not shown), conununicates with the generator through a return wire to complete fhe 
ciixniit witih the vessel 232. 

The activating mechanism of clip activator 210 preferably is made of a conductive 
20 material which has a relatively high tensile strength. Exemplary materials include surgical 
grade stainless steel and aluminum. Clamping jaws 222a, 222b likewise are made of a 
surgically compatible, conductive material suitable to enable current to be communicated 
through the clamping jaws 222a, 222b to clip 224. The surgical clips 224 used with the 
clipping device of the invoition may be with a variety of constructions and may be made of 
25 variety of conductive, surgically compatible materials, e.g.> surgical grade titanium, vMch 
are well known in the art As illustrated the surgical clip may be substantially U- or V- 
shapedy but varioiis other shapes or constnictions are possible as well. 

The handle portion 212, trigger 214, and the barrel 216 are electrically isolated from 
30 the remainder of the device. Preferably, these components are made of, or are coated with, 
non-conductive materials such as suitable polymers. 

The construction and operation of tool 210 is further described.in U.S. Patent No: 
5,207,691, issued May 4, 1993, which is hereby incorporated by reference. 

35 

FIGURE 12 shows an electrosurgical impedance feedback system 300 constructed 
according to the invention which is similar to system 1 00 of FIGURE 1 , but which includes 
additional features and structure. Feedback system 300 like system 100 shown in FIGURE 
1, is shovsto in contact with tissue 109 and includes RF generator 106, source impedance 
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107, power control module 104, electrosurgical tool 102, voltage and current monitors 117 
and 1 18, return electrode 1 12, and feedback line 1 14. The tool 102 has active electrode 108 
and is connected to the module 104 via power siq)ply line n 

5 . Feedback system 300 differs fironi system 100 in that it has a signal conditioninig 

module 302, impedance detennination module 304, comparator limit module 306, enable 
derivative module 308, switch module 310, and derivative module 312. These modules 
operate as follows: 

10 The signal conditioning module 302 conditions voltage and current as received, 

respectively, fiom the voltage monitor 117 and current monitor 1 1 8 via signal lines 124 and 
126. Typically, the signal conditioning module "smoothes** or averages the data from the 
monitors 117 and 1 18 by methods known to those skilled in the art, e.g., root-mean square • 
(RMS) techniques, to accurately represent the voltages and currents witiiin the tissue 109. 

IS One commonly avmlable integrated circuit vAach can be used as the module 302 is the 
LT1088 RMS-dc converter available from Linear Technology of Milpites, California 

RMS can characterize the heating value of the applied electrosurgical energy 
waveform, thereby averaging the energy delivery to the tissue over a particular and selected 
20 time int^al. In a prefened embodiment of the invention, this time->averaging is between 
approximately five and twenty milliseconds. 

. . The impedance determination module 304 conmiuniotfes with a signal conditioxiing 
module 302 via current signal line 126' and voltage signal line 124*. The respective current 

25 and voltage signals transmitted to the impedance determination module 304 are thus 
conditioned or averaged versions of the current and voltage signals transmitted to the signal 
conditioning module 302 on the lines 126 and 124. The impedance determination module 
304 provides a signal "z" which is proportional to the voltage signal divided by the current 
signal. One commonly available integrated circuit which can be used as the module 304 is 

30 the DIVlOO Analog Divider available from Burr-Brown Corporation of Tucson, Arizoiaa. 

The determination of ''z'* is preferably averaged over time. For example, z may be 
calculated by dividing (the time-averaged voltage ^gnal) by Ij^s 

averaged current signal). 

35 

The comparator limit module 306 selectively generates an enable signal which 
commands further signal conditioning of the impedance signal "z" after the impedance 
determination module 304. The enable signal is generated upon command by a user of the 
system 300 or automatically. Once the enable signal is commanded at module 306, other 
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si^ial processing activities within the system 300 are enabled. The comparator Innit 
module 306 also determines whether certain threshold values of voltage and/or current are 
exceeded as relayed by the signal conditioning module 302, which reduces the possibility 
of false detection caused by transients. According to one embodiment 6f the invention, 
5 current should be greater than one amp, arid voltage should be greater than fifty volts. 

When selected by the comparator liinit ihodule 306, the enable derivative module 
.308 provides a drive signal to a CMOS switch, or other switching technology known to 
those skilled in the art, within module 310 so that the impedance **z'* signal is transmitted to 
10 the derivative module 312. 

The derivative module 312 determines the tune rate derivative of the signal "z". 
This time rate derivative signal dZ(t)/dt is used in further signal processing, according to 
the invention, for controlling the application of electrosurgical energy to the tissue with 
15 time-depmdency. One accq>table range of derivative values, according to the invention, is 
from lOOQ/S, which is very slow, to 10,0000/8, which is very fast However, flie preferred 
derivative range usefid with tiie invention is about 200-lOOOQ/S. 

FIGURE 12A illustrates logic signal processing circuitry 350, e.g., an EPLD, 
20 constructed according to the invention and which is preferably used in conjunction with 
impedance feedback system 300 of FIGURE 12. Circuit 350 assesses certain quantitative 
aspects of signals relating to the electrosurgical system by combinations of events and 
signal levels as shown. As illustrated, inputs to the circuit 350 include: the complete 
enable signal from the comparator limit module 306 via signal line 127; voltage and current 
25 signals fix)m the signal conditioning module 302 via signal lines 126' and 124*; impedance 
"z" fiom the impedance determination module 304; and Uie time-rate derivative signal d 
Z(t)/dt fix)m,the derivative module 312. Other signals not associated with the tissue effect, 
such as a "clock** signal to represent time, may also be input to the logic signal processing 
circuit 350 to determine or otherwise assess system performance and operation. 

30 

niese signals are used to activate certain selective logic events. For example, if 
impedance , "z" exceeds a preselected range, any one of selected, outputs can be enabled, 
e.g., a visible source 352, an audible source 354, or a tactile '*touch** source 356. Other 
warnings or indications can also be given. For example, in one embodiment, vsiien the 
35 signal "z" is within its preferred and selected range, a green LED is illuminated at the 
visible source 352; and when "z" is outside the preselected range, a red LED is illuminated. 
Further, the derivative signal dZ(t)/dt is especially helpful, for example, in signal 
processing applicationis as it elimiimtes certain impedance offsets which can occur at the 
electrosurgical tool 1 02 and ground pad locations, as well as within various tissue types.. . 
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It is to be linderstood liiaX the scope of the present invention encompasses 
electiosurgical tools having constructions other than those specifically described herem. 
The present invention is potentially applicable to any eleclrosurgical device utilized in an 
5 impedance feedback electrosuigical system according to the invention in which 
electrpsiirgical energy is delivered through the device to tissue in contact with the device. 

What is claimed is:. 
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An impedance feedback electrosuigical system comprising: 
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a surgical tool having mounted thereon at least one active electrode, in 
conmumication with a power source for delivering electrosurgical energy firom a pcvyer 
5 source to tissue; . 

a remote ground pad, acting as a return electrode, the groxmd pad being electrically 
insulated fiom the active electrode and being adapted to receive tiie electrosurgical energy 
delivered fiom the active electrode through the tissue; 

10 

an impedance measurement means, in circuit with the active electrode and the 
remote ground pad, for measuring the electrical impedance of the tissue based upon the 
cunent and voltage in the tissue; and 

15 a power control means, in circuit with the power soim:e and impedance 

measurement means, for regulating the electrosurgical energy delivered to the tissue by the 
active electrode in response to a signal represoitative of impedance fiom the impedance 
measuremmt means.to maintain a measured tissue impedance within a preselected control 
range of tissue impedance* 

20 * 

2. The impedance feedback electrosurgical system of claim 1 wlierein the preselected 
control range of tissue impedance is within the operating range of 20-2000 ohms. 

3. The impedance feedback electrosurgical syst^ of claim 1 wherein the power 
25 control means regulates the delivered electrosurgical energy by vaiying the current within 

the tissue and/or the voltage across the electrodes. 

4. The impedance feedback electrosurgical system of claim 1, further comprising 
activation means for selectively activating the electrosurgical energy delivered through the 

30 active electrode to the tissue. 

5. The impedance feedback electrosurgical system of claun 1 v^erein the surgical tool 
iis an electrosurgical cutting device ; 

35 6. The impedance feedback electrosurgical system of claim 1 wherein the surgical tool 
is an electrosurgical clip applying device . 
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7* The impedanbe feedbadc system of claim 1, fmiher comprising acoustical warning 
means for infonning the user that Ae measured tissue impedance is outside of the 
preselected control range of tissue impedance. 

5 8. The impedance feedback system of claim 7, wherein the acoustical warning means 
alerts a user that the measured tissue impedance is outside of the preselected control range 
of tissue impedance. 

9. The impedmice feedback system of claun 1, further cominismg CPU means for 
10 controlling at least oiie of tfie impedance measurement means and the power cnntml tn ftfin <y 

10. The impedance feedback system of claim 1 wherein &e impedance measurement 
means further comprises voltage monitor means for determining voltage betwemi the active 
and retum electrodes. 

15 

11. The impedance feedback system of claim 10, further comprising signal conditioning 
means for conditioning the voltage and the current wherein the voltage and cuxient are 
available as time-averaged electrical signals. 

20 12. The impedance feedback system of claim 1 1 wherein the impedance measurement 
means deterinines tissue impedance fix>m the time-averaged electrical signals. 

13. The impedance feedback system of claim 1 1, further comprising comparator limit 
means connected to the impedance measurement means, for determining v^ether the 

25 voltage and ctirrent are within predetemiinedtiiresholds. 

14. The impedance feedback system of claim 1 wherein the impedance measurement 
means further comprises cioient monitor means for determining current within said tissue. 

30 15. The impedance feedback system of claim 1 wherein said impedance monitor means 
further comprises time-derivative means, the time-derivatiye means being arranged to 
provide a time-rate derivative signal of the tissue impedance. 

16. ' the impedance feedbadc system of claim 15, further comprising signal processing 
35 means, connected to receive at least one of 0) the time-^ate derivative signal* (ii) the signal 
riepresentative of impedance, (iii) a signal indicative of voltage, and (iv) a signal indicative 
of current, for processing received signals and activating at least one selected visual, sound 
and tactile logic device. 
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17. The impedance ifeedbadc system of claim 16 iwberein said signal processing means 
further comprises clock means for geneiatinjg a clock signal M^efein the clock signal is 
processed \vith other recdved signals to activate the selected logic device. 

. 5 . . ' 

18. A method for controlling electrosurgical energy applied to tissue, comprising: 
providing an electrosurgical tool having a tissue contacting, tissue aJOTecting active 

electrode in electrical commxmication with a power source and a remote tissue contacting 
ground pad serving as a return electrode; 
10 delivering electrosurgical energy through the active electrode at a su£Bcient 

magnitude to affect the tissue; 

communicating the electrosurgical energy applied to tissue through tiie return 
electrode to an impedance measuring device; 

determining the impedance of the tissue from the voltage across the active electrode 
15 and the remote ground pad and fiom the current through the tissue; 

communicating a signal representative of tissue impedance to a power control unit; 

and 

controlling the electrosurgical energy delivered tiirough the active electrode based 
on the determined tissue impedance to irudntain ^ determined tissue impedance within a 
20 preselected control range of tissue impedance. 

19. The method of claim 1 8 wherein the preselected control range of tissue impedance 
is in the range of 20 to 2000 Ohms. 

25 20. The method of claim 18 wherein the step of controlling the electrosurgical energy 
comprises the step of varying the voltage across the electrodes. 

21 . The method of claim 1 8, further comprismg tiie step of determining at least one of 
the following properties of the systCTi: (i) the tiihe-rate derivative of the signal 

30 representative of impedance, (ii) the time-average of the voltage, (iii) the time-average of 
the current, (iv) the time-average of impedance, (v) current which exceeds a predetermined 
current threshold, and (vi) voltage which exceeds a predetermined voltage threshold. 

22. The method of claim 21, further comprismg the step of processing any of the 
35 properties selectively to evaluate electrosurgical effects in the tissue and activatii^ at least 

one logic indicator to indicate the evaluated effects. 

23. The method of claim 22 wherein the logic monitor generates a visible light, audible 
sound, or tactile sensation. 
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